Carotenoids extraction, quantification, and identification
Each erlenmeyer flask was centrifuged at 15,000 g per 10 minutes, and the pellet was resuspended with 10 mL of deionized water. The total residual reducing sugars (TRRS) of the supernatant were quantified with the DNS reagent. The frozen yeast mass was lyophilized in a Super Modulyo freezer dryer (Savant) for 24 hours. The yeast was frozen using liquid nitrogen.
The yeast dry mass was gravimetrically quantified and ground with celite and acetone at 6 °C until full extraction of carotenoids (RODRIGUEZ-AMAYA, 1999) . The extract was transferred to a separation funnel containing petroleum ether and three volumes of distilled water to remove the acetone. Anhydrous sodium sulfate was used to dry the non-polar phase, and then the pigments were concentrated on a rotating evaporator (<35 °C) to a volume of 6 mL.
The total carotenoids were determined by spectrophotometry (450 nm) using the absorption coefficient 1% 1cm E = 2500 in petroleum ether, as suggested by Davies (1976) . All procedures were performed under low-light conditions.
The greater amount of carotenoids were separated by thin layer chromatography (TLC), with silica gel plates (Silica Gel G 60, 10 × 20 cm, 0.25 mm of thickness), using both toluenepetroleum ether (1:9 v/v) and toluene-acetone-methanol (5:20:75 v/v/v) as mobile phases. Their absorption spectra were compared to those of previous studies (PERRIER; DUBREUCQ; GALZY, 1995; RODRIGUEZ-AMAYA, 1999) for identification.
Results and discussion

Growth and biomass production
During the first 24 hours after inoculation, the yeasts showed exponential growth and then remained stationary, as shown in Figure 1 . This is the phase when there is the highest production of carotenoids due to a metabolic change from growth to pigment biosynthesis (COSTA et al., 1987) ; reason why incubation was kept for 72 hours.
For dry mass production, the M × S interaction was significant (Table 1) , and Figure 2 results show that there was higher growth in the molasses-based media (15.09 and 14.87 g/L, respectively) However, the Urea and Nitrofos KL supplementations showed better results, except for the syrupbased medium, in which the supplementation with Nitrofos KL resulted in higher production of dry mass when compared to that of the control or urea. This is because the syrup is a medium poor in mineral salts (cofactors required for yeast growth), and the Nitrofos KL fulfills this deficiency since in addition to besides nitrogen, it contains phosphorus, magnesium, manganese, and zinc. Faria (2008) using molasses supplemented with zinc, magnesium, and manganese found that the magnesium sulphate resulted in higher dry biomass production (8.69 g/L), while the small value found was the treatment with zinc sulphate (7.39 g/L) in R. rubra experiments.
Considering the low price and the wide availability of sugarcane-based media, this experiment was carried out aiming to maximize the carotenoids production by R. rubra using low cost (urea) supplementation available in the market (Nitrofos KL, Quimatec Produtos Químicos Ltda).
Materials and methods
Microorganism
The yeast strains used, R. rubra strain L18, were obtained from the Laboratory of Fermentation Processes, FCAV -UNESP, Jaboticabal, SP -Brazil. They were kept at 8 °C in tubes containing the culture medium YM agar (yeast extract 0.3%, malt extract 0.3%, peptone 0.5%, dextrose 1%, agar 2%) and were kept alive by periodic transfer.
Experiment design and statistical analysis
A completely randomized design with a 3 × 3 factorial, 3 different culture media (juice, molasses and sugar cane syrup), 3 supplementations (control, urea and Nitrofos KL), and 3 replications was used. Data were submitted to an ANOVA, and the means were compared by Tukey test at 5% of probability.
Culture media
The culture media consisted of sugarcane juice, molasses, and syrup (Brix 19.5; 80.5 and 54.0 respectively) obtained from the Catanduva, SP-Brazil sugar mill. The molasses and syrup were two-fold diluted (w/v) and then hydrolyzed according to the Bhosale and Gadre (2001) method. The sugarcane juice was hydrolyzed without dilution.
The reducing sugars (RS) were quantified by the dinitrosalicylic acid (DNS) method (MILLER, 1959) presenting 140, 170, and 240 mg of RS/g in the sugarcane juice, diluted syrup, and diluted molasses, respectively. From the hydrolyzed juice, the molasses, and the syrup, each culture medium was prepared with 40 g of RS/L. For the supplementations, 2 g/L of urea and 0.5 g of Nitrofos KL/L were used. The pH was adjusted to 5.5, and the media were autoclaved at 121 °C for 15 minutes.
Mass production
The yeast was collected from a storage tube and inoculated in an YM liquid medium.
The yeast was incubated for 72 hours at 30ºC and then agitated at 200 rpm. After this period, the material was centrifuged, and the pellet was resuspended in 10 mL of sterile saline solution (0.85%). The cellular concentration of this suspension was determined in a Neubauer chamber (LEE; ROBINSON; WONG, 1981) and inoculated in the culture media reaching an initial concentration of 10 7 cells/mL. For mass growth and carotenoid production, 500 mL Erlenmeyer flasks containing 250 mL of adequately prepared culture medium, subjected to a 200 rpm agitation and illuminated by 2 fluorescent light bulbs with 800 lm for 72 hours were used. Growth was monitored at 12-hour intervals using a spectrophotometer with optical density reading at 700 nm.
Carotenoid production
Both intracellular accumulation (mg/g) and volumetric carotenoid production (mg/L) were analyzed. The results (Figure 3) show that when there was no supplementation, there was a higher intracellular carotenoid accumulation (0.329 mg/g) when compared to that of Nitrofos KL supplementation. However, the results did not differ significantly from the supplementation with urea due to the culture medium nutrient limitation, resulting in carotenoid biosynthesis increase since it limits the growth of yeast (BOROWITZKA; BOROWITZKA, 1988) .
With regard to the carotenoids volumetric production, the molasses-based medium had a higher carotenoids production, 2.74 mg/L, while the urea and Nitrofos KL supplementation produced 2.55 and 2.32 mg/L, respectively (Figure 4 ).
The molasses medium showed the highest volumetric carotenoid production (Figure 4) , and since there was no variation in the medium composition in terms of RS concentration (40 g/L), it can be assumed that this is results from the medium mineral composition (BUZZINI et al., 2005) .
Supplementation plays a very important role in the volumetric carotenoid production since the addition of both urea and Nitrofos KL increased significantly the carotenoid production, as shown in Figure 5 . Since this result is the opposite of that shown in Figure 3 , it can be concluded that the supplementation decreased the intracellular carotenoid concentration, but it led to higher production of dry mass (Figure 2) , and even with a lower carotenoid concentration, this final mass production of carotenoids per litter of medium ended up being higher.
Carotenoid analysis and identification
After separation by TLC, the main carotenoids were excised from the plates and resuspended in hexane. Absorption peaks were then compared to previous reports (Table 2) , and the results showed that the main carotenoids produced were torulene, torularhodin, and β-carotene corroborating the findings of Maeda (2004) and Perrier, Dubreucq and Galzy (1995) . higher volumetric carotenoid production and high dry mass production. The most appropriate supplementation for all analyzed media is urea since it leads to dry mass and carotenoid production increase. 
Total Residual Reducing Sugars
After 72 hours of incubation, TRRS presenting higher amount of residual sugars in the broth (6.05 g/L). These results may be explained by the fact that the broth showed the lowest production of carotenoids and dry mass, resulting in minimum use of the culture medium carbohydrate sources.
As for Figure 5 , the urea supplemented medium had lower amounts of TRRS (3.21 g/L), due to the low C/N ratio, which stimulates yeasts to produce a higher amount of biomass consuming more carbohydrate from the medium (PARK et al., 2005) .
Conclusions
The results show that the molasses-based medium is the most appropriate for carotenoid production due to its 
